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Abstract 
 This paper examines industrial composition of businesses located within floodplains in 
the state of North Carolina. Data on business presence and industrial composition are derived 
from establishment-level business data from the National Establishment Time Series, using 
industry definitions based on the Standard Industrial Classification coding system. This data is 
intersected with spatial floodplain definitions from the Federal Emergency Management Agency 
in order to classify business establishments based on presence within floodplains. Through 
analysis based primarily in location quotient data – comparing establishments within North 
Carolina floodplains to establishments statewide – this paper demonstrates that floodplains in 
North Carolina specialize in retail industries, in particular eating and drinking places, while 
underspecializing in agricultural industries, in particular crop production. These patterns in 
specialization hold when controlling for whether an establishment is more or less than five years 
old, as well as when controlling for whether an establishment is located in North Carolina’s 
coastal plain or further inland. This paper also reports an incidental finding that establishments 
within North Carolina floodplains tend to be significantly older than establishments statewide. 
This paper concludes with a discussion of possible explanations for these patterns, policy 
implications for these findings, and suggestions for future research.  
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Introduction 
 Business proprietors and economic developers considering development within 
floodplains – areas of land which face a 1% chance or greater of flooding annually – must 
contend with several disincentives to construction and business operation. Floodplains face 
significant risk over time of natural hazards damage; Maggie Koerth-Baker, writing for 
FiveThirtyEight (2017), notes that a 1% annual chance of flooding each year can be calculated 
and rephrased as a 26% chance of flooding over a 30-year period. Koerth-Baker also explained 
that the concept of floodplains was developed as a tool for governments to regulate construction 
in light of increased flood risk, with new buildings located in floodplains having greater 
requirements for elevation and insurance than buildings outside of floodplains; these regulations 
represent added costs for potential business owners during construction and operations stages, 
discouraging floodplain economic development even when flooding does not occur. 
 Despite these added costs and risks, businesses may still locate within floodplains.1 Ilan 
Kelman, in a paper titled “Build On Floodplains (Properly)” (2003), argues against what he 
describes as the “traditional reaction” to flood-related natural disasters – to suggest “the 
straightforward, obvious, simple solution of not building on floodplains.” Kelman’s arguments 
consider incentives that could encourage construction within floodplains, in terms of minimizing 
the perceived advantage of non-floodplain land and identifying potential assets held by 
floodplains. In this way, Kelman establishes the legitimacy of choosing to develop within 
floodplains as a response to the risks associated with locating new structures within floodplains. 
Kelman describes how floodplain parcels may not appear significantly less desirable than 
non-floodplain parcels in four ways. First, Kelman notes that some construction within 
                                                            
1 Appendix B of this paper, a collection of maps showing floodplain business establishment location in cities within 
this paper’s area of study, provides supporting evidence that businesses choose to locate within floodplains. 
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floodplains can be characterized as a response to the poor general understanding of the nature 
and location of floodplains, a problem also noted more recently by Koerth-Baker; builders 
selecting floodplain parcels for development may be both aware of the projected risk of 
floodplain construction and aware of the uncertainty involved in projecting that risk. Second, 
Kelman observes that “all locations have hazards”, suggesting that flood risk within floodplains 
can be balanced favorably against other types of risk on other available lands. Third, Kelman 
argues that growing populations necessitate a maximal utilization of land for development, 
noting that “people need to live somewhere” and alluding to limited availability of land that is 
more desirable than that within floodplains. Finally, Kelman makes a positive argument for 
floodplain development; Kelman claims that proximity to bodies of water may potentially be an 
asset for floodplains, particularly near rivers or oceans that can provide pleasant views and 
opportunities for recreation, and that proper design can enable positive floodplain development.  
Given the evidence that business owners can decide to locate their establishments within 
floodplains, it should be asked which business owners make that decision. This paper analyzes 
the question of which businesses locate within floodplains through the lens of industrial 
composition, investigating whether floodplains contain a disproportionately high or low share of 
businesses within certain industries, in an effort to determine whether locating a business 
establishment within a floodplain may be motivated by the nature of that business.   
Literature Review 
Literature directly considering the confluence of economic development and natural 
hazards planning is scarce. Yang Zhang, Michael Lindell, and Carla Prater (2009) note this lack 
of existing literature review, which they attributed to field-level focus on other subjects. 
“Community economic development” and “business strategic planning” literature are said by 
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Zhang et al. to primarily concern extreme economic events such as recessions and plant closings, 
rather than extreme environmental events, while “disaster literature” is said to have more 
developed research on “community impacts” of environmental disasters, rather than “business 
impacts” (p. 38). Consequently, neither field of study contains literature identified by Zhang et 
al. as directly and effectively intersecting with the other. Though Zhang et al. work to address 
this lack of intersection, their article primarily considers and researches the impact on economic 
activity of disasters that have actually occurred, generally describing business vulnerability in 
terms of ability to recover from disasters, with only limited discussion of the impact of 
unrealized or potential environmental threats on economic activity. 
 Kathleen Tierney (2007) has argued that business vulnerability to disasters is a function 
of several factors, including business characteristics, and that as a consequence of these factors 
“certain businesses and types of businesses less able to cope with ‘environmental shocks,’ 
including disasters” (p. 276). Tierney observed that establishing within vulnerable areas could be 
a function of seemingly valid business decisions: “In their efforts to locate near needed 
resources, such as raw materials, transportation routes, and skilled and able workers, as well as to 
take advantage of synergies that come about through co-location, businesses and business sectors 
may inadvertently put too many of their assets at risk from hazards” (p. 277). Here, as well, 
Tierney notes a multiplicity of factors influencing vulnerability; Tierney also notes various 
factors capable of impacting business decisions and indirectly affecting business vulnerability. 
Tierney’s observations provide support for the possibility that business characteristics and 
behavior could vary within floodplains relative to other areas.  
In contrast with Tierney’s 2007 chapter, other existing literature suggests a lack of 
deliberate planning or strategy behind decisions to locate businesses within floodplains. David 
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Flynn (2007) observed in a case study based in Grand Forks, North Dakota that small business 
practices related to disaster preparedness or mitigation did not become more common following 
a catastrophic flood in 1997; Flynn also cited a 1998 study by James Dahlhamer and Kathleen 
Tierney, whose results Flynn observed to indicate that “it should not be assumed that business 
owners and managers increase their levels of disaster planning after experience of a disaster” (p. 
509). This does not necessarily contradict Tierney’s other work – businesses of certain types or 
with certain characteristics may, through action unrelated to deliberate consideration of 
floodplain location, become more or less likely to locate within a floodplain. 
Collectively, the existing literature leaves open the possibility of industry-level self-
organization within or outside of floodplains. While there is limited evidence to support an 
assertion that businesses consciously or deliberately develop plans based on floodplain location, 
necessary responses to environmental vulnerability or context of the sort described by Tierney 
may vary by industry, and consequently may lead to differing behavioral patterns across 
industries in response to the risks posed by business location within floodplains. However, the 
existing literature does not directly examine this possibility or describe responsiveness to 
environmental vulnerability through the lens of specific industries. 
Methodology 
This paper capitalizes on the availability of two data sources in order to examine 
industrial composition within floodplains. The first source, the National Establishment Time 
Series (NETS) database created by Walls & Associates, is a repurposing of proprietary 
establishment-level business data collected by Dun & Bradstreet. Dun & Bradstreet administers 
annual surveys to identify business establishments and records several types of data for each 
establishment; of relevance to this paper is that Dun & Bradstreet records the physical location of 
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each establishment, the year in which the establishment was founded, and measures of the 
establishment’s nature of business, including Standard Industrial Classification (SIC) codes. The 
NETS database collects these annual surveys and organizes them into a time-series database, 
providing longitudinal data for each establishment. The NETS database is also available in 
geodatabase form, allowing for analysis via ArcGIS and intersection with other geodatabases. 
The second data source used for this paper is the floodplain mapping geodatabase 
maintained by the Federal Emergency Management Agency (FEMA). FEMA’s floodplain maps 
record floodplains within the entire United States. These maps can be intersected with spatial 
NETS data in order to identify and describe establishments located within floodplains, enabling 
analysis of industrial composition.  
This paper uses NETS and FEMA data in order to identify patterns in the types of 
businesses that locate within floodplains in the state of North Carolina. North Carolina is an ideal 
case study for this subject: North Carolina has a large and diverse economy, and the state’s 
terrain is split into a substantial coastal plain and a larger inland area, facilitating separate 
analysis of coastal and inland floodplains. The number of North Carolina establishments 
captured within the NETS database allows for comparison of business activity within floodplains 
to business activity within the state as a whole. 
This analysis pertains to establishments that were still listed in NETS as active and 
present within the state of North Carolina in 2012, which is the most recent year for which I had 
access to statewide NETS data. I used ArcMap to determine which of these establishments were 
located within the floodplains defined by FEMA’s geodatabase, and created separate lists of 
statewide active businesses for North Carolina’s floodplains and the state as a whole.  
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Industrial composition analysis is based on two-digit SIC industry codes, which are 
included for establishments in the NETS database and describe the industry in which each 
establishment operates. I conducted analysis based on divisions, which are groupings of 
industries into broad categories, as well as at the industry level. I computed location quotients for 
each division and industry based on relative share of establishments located within North 
Carolina floodplains, compared to that division or industry share of statewide establishments 
(Figure 1), in order to determine if floodplains specialize or underspecialize in certain divisions 
and industries relative to North Carolina as a whole. 
 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐿𝐿𝐹𝐹𝐿𝐿𝐹𝐹𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹 𝑄𝑄𝑄𝑄𝐹𝐹𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐿𝐿 =  
𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐿𝐿 𝐹𝐹𝑜𝑜 𝑄𝑄𝑒𝑒𝐿𝐿𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝑒𝑒ℎ𝑚𝑚𝑄𝑄𝐹𝐹𝐿𝐿𝑒𝑒 
𝑤𝑤𝐹𝐹𝐿𝐿ℎ𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝑑𝑑𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝐹𝐹/𝐹𝐹𝐹𝐹𝐹𝐹𝑄𝑄𝑒𝑒𝐿𝐿𝑖𝑖𝑖𝑖,
𝑤𝑤𝐹𝐹𝐿𝐿ℎ𝐹𝐹𝐹𝐹 𝑜𝑜𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒
𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐿𝐿 𝐹𝐹𝑜𝑜 𝐹𝐹𝐹𝐹𝐹𝐹 𝑄𝑄𝑒𝑒𝐿𝐿𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝑒𝑒ℎ𝑚𝑚𝑄𝑄𝐹𝐹𝐿𝐿𝑒𝑒 
𝑤𝑤𝐹𝐹𝐿𝐿ℎ𝐹𝐹𝐹𝐹 𝑜𝑜𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑒𝑒 ÷
𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐿𝐿 𝐹𝐹𝑜𝑜 𝑄𝑄𝑒𝑒𝐿𝐿𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝑒𝑒ℎ𝑚𝑚𝑄𝑄𝐹𝐹𝐿𝐿𝑒𝑒 
𝑤𝑤𝐹𝐹𝐿𝐿ℎ𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝑑𝑑𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝐹𝐹/𝐹𝐹𝐹𝐹𝐹𝐹𝑄𝑄𝑒𝑒𝐿𝐿𝑖𝑖𝑖𝑖,
𝑒𝑒𝐿𝐿𝐹𝐹𝐿𝐿𝑄𝑄𝑤𝑤𝐹𝐹𝐹𝐹𝑄𝑄
𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐿𝐿 𝐹𝐹𝑜𝑜 𝐹𝐹𝐹𝐹𝐹𝐹 𝑄𝑄𝑒𝑒𝐿𝐿𝐹𝐹𝑒𝑒𝐹𝐹𝐹𝐹𝑒𝑒ℎ𝑚𝑚𝑄𝑄𝐹𝐹𝐿𝐿𝑒𝑒 
𝑒𝑒𝐿𝐿𝐹𝐹𝐿𝐿𝑄𝑄𝑤𝑤𝐹𝐹𝐹𝐹𝑄𝑄
 
Figure 1: Floodplain Location Quotient Equation 
 
In addition to comparing businesses at the state level, this analysis incorporates two 
lenses for differentiation between establishments – business age and geographic location – using 
binary categorizations. These lenses are based on potential confounding variables in floodplain 
business activity; newer business owners may be less inclined to locate within floodplains due to 
increasing fears of flood risk associated with global climate change (as discussed by Koerth-
Baker), and business owners near coastlines may be less able to avoid floodplains due to less of 
the land available to them being located outside of a floodplain. 
Business age is defined by the first year in which each establishment was active. 
Establishments are grouped into those founded in the five years preceding the most recent NETS 
report, from 2007 to 2011, and those founded prior to 2007. This threshold was developed over 
the course of analysis and is based on 2007 being the median starting year for floodplain 
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establishments; using 2007 as a cutoff point separates floodplain establishments into roughly 
equal older and newer halves. This approach is necessary to produce numbers of floodplain 
establishments within industry-based subcategories that are sufficiently large for data analysis. 
Geographic location is included based on whether each establishment is located in North 
Carolina’s coastal plain or inland to the west of the coastal plain. For the purposes of this 
analysis, these groups are defined based on the sum of the absolute value of their longitude and 
latitude, with firms that have a value of less than 114.37 categorized as located within the coastal 
plain; this threshold approximates the separation between North Carolina’s coastal plain and 
piedmont regions. Figure 2 is a map illustrating how this measure is used, with firms located east 
of the dotted line categorized as coastal plain establishments and firms west of the dotted line 
categorized as inland establishments.  
 
Figure 2: Map of North Carolina, with Coastal Plain/Inland Separation (dotted line) 
Results 
Figures 3 and 4, on the next page, contain summary floodplain and statewide 
establishment data derived from intersecting NETS and FEMA data.  
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Category Establishments Within Floodplains 
Total 
Establishments 
Establishments Within 
Floodplains (Percent) 
All North Carolina 
Establishments, 2012 6670 105337 6.33% 
Establishments Founded 
2007-2011* 2705 69011 3.92% 
Establishments Founded 
Before 2007* 2601 26712 9.74% 
Establishments Within  
Coastal Plain 3849 28930 13.31% 
Establishments West of 
Coastal Plain 2821 76407 3.69% 
*Some establishments are missing starting years within NETS 
Figure 3: NETS Establishments Summary – by Count  
 
Category Establishments Within Floodplains Total Establishments 
All North Carolina 
Establishments, 2012 6670 105337 
Percent Founded  
2007-2011* 40.55% 65.51% 
Percent Founded  
Before 2007* 39.00% 25.36% 
Percent Within  
Coastal Plain 57.71% 27.46% 
Percent West of  
Coastal Plain 42.49% 72.54% 
*Some establishments are missing starting years within NETS 
Figure 4: NETS Establishments Summary – by Percentage 
Floodplains and Establishment Age 
Figure 5 shows the average of the starting years for active establishments within 
floodplains and statewide, as well as the median starting year for both groups.  
Category Establishments Within Floodplains 
Total 
Establishments 
Average Year 
Founded 1997 2003 
Median Year 
Founded 2007 2010 
*Some establishments are missing starting years within NETS 
Figure 5: Average and Median Founding Years 
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 Based on both measures, establishments within floodplains are significantly older. The 
average active establishment statewide was founded in 2003, making the statewide average age 
of an establishment nine years, while the average establishment within a floodplain was founded 
in 1997, for an average age of fifteen years. The median establishment statewide was only two 
years old in 2012, having been founded in 2010; the median establishment within a floodplain, 
by contrast, was founded in 2007 and was four years older. 
Floodplains and SIC Divisions 
 Figure 6 shows the percentage of total establishments categorized within each SIC 
division among floodplain-based establishments and among all North Carolina establishments.  
 
Figure 6: Percentages of Establishments within SIC Divisions – All Establishments2 
 
                                                            
2 Divisions in Figures 6-10 are ordered by location quotient, with lower position on the graph indicating higher 
floodplain location quotients, in order to make differences between floodplain and statewide division shares more 
visible. A table with the establishment counts and location quotients of each division is included in the appendix of 
this report. 
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Across the two groups, service-based establishments constitute a substantial plurality of 
establishments, with retail trade and construction as the next-largest divisions. The retail trade 
division contains a disproportionately high share of businesses within floodplains, relative to 
statewide retail trade (location quotient = 1.248), indicating floodplain specialization in retail. 
The agriculture, forestry, and fishing division contains a disproportionately low share of 
businesses within floodplains relative to statewide (location quotient = 0.745), indicating 
floodplain underspecialization in this division. 
Figures 7 and 8, on the next page, provide graphs of the same information as Figure 6, 
here specific to establishments founded between 2007 and 2011 (Figure 7) and establishments 
founded prior to 2007 (Figure 8).3 
  
                                                            
3 It should be noted here that the differences between newer and older establishments do not imply a change over 
time in industrial composition. Since this analysis only includes establishments that were active as of 2012, 
establishments that went out of business prior to 2012 are excluded, many of which were likely founded prior to 
2007. Differences between the two groups described here may be a function of industrial composition differing 
between 2012 and earlier years, or a function of establishments within certain industries having been 
disproportionately likely to close prior to 2012; in the latter case, industrial composition in earlier years may have 
been similar to industrial composition in 2012. 
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Figure 7: Percentages of Establishments within SIC Divisions – Establishments Founded 2007-2011  
  
 
Figure 8: Percentages of Establishments within SIC Divisions – Establishments Founded Before 2007 
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The percentages for each division among the establishments founded between 2007 and 
2011, seen in Figure 7, closely resemble the percentages among all establishments seen in Figure 
6, both within floodplains and statewide. As with all establishments, newer floodplain 
establishments contain a disproportionately high share of retail trade (location quotient = 1.184) 
and a disproportionately low share of agriculture, forestry, and fishing (location quotient = 
0.777) relative to newer establishments statewide, while retaining similar service-heavy 
structures – service-based industries actually constitute a narrow majority of establishments 
founded between 2007 and 2011, both within floodplains and overall. 
 The percentages for each division among establishments founded before 2007, seen in 
Figure 8, show very different floodplain specializations than among newer establishments or 
overall. Service-based establishments constitute a plurality of older establishments both in 
floodplains and statewide; however, their share of older establishments is significantly smaller 
than overall. Instead, retail and agriculture, forestry, and fishing constitute a significantly larger 
share of older floodplain and statewide establishments than overall. Among older establishments, 
floodplains contain disproportionately high shares of both retail (location quotient = 1.116) and 
services (location quotient = 1.118); services actually has a slightly higher location quotient than 
retail among older establishments. The remaining divisions have lower shares of older 
establishments within floodplains than statewide, with agriculture, forestry, and fishing (location 
quotient = 0.592) containing a particularly disproportionate low share of older floodplain 
establishments.  
Figures 9 and 10 provide graphs of the same information as figures 6-8, here specific to 
coastal plain establishments (Figure 9) and establishments west of the coastal plain (Figure 10). 
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Figure 9: Percentages of Establishments within SIC Divisions – Establishments in Coastal Plain 
 
 
Figure 10: Percentages of Establishments within SIC Divisions – Establishments West of Coastal Plain 
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 As with establishments overall, both geographies contain a large plurality of service-
based establishments, with retail trade as the next-largest division. Retail trade is also the most 
highly-specialized division in both geographies, though inland floodplains are more highly 
specialized in retail (location quotient = 1.232) than coastal plain floodplains (location quotient = 
1.213). Both geographies are also underspecialized in agriculture, forestry, and fishing, though 
this underspecialization is much less extreme within inland floodplains (location quotient = 
0.759) than within coastal plain floodplains (location quotient = 0.580).  
Floodplains and SIC Industries 
Floodplain location quotients for eighteen of 82 SIC industries are included in the 
appendix of this paper, in five sets matching the groupings used for division-level analysis. 
Industries were excluded that did not contain at least 20 floodplain establishments within each of 
the five sets, in order to avoid analyzing location quotients derived from very small numbers of 
establishments. Other industries were excluded that were not constituent industries of one of the 
four divisions identified as specialized or underspecialized at some point in previous analysis, 
with the exception of two wholesale trade industries (SIC codes 50 and 51), which were included 
to provide contrast with retail trade industries (SIC codes 52 through 59).  
At the industry level, two patterns that were recognizable within divisions are replicated 
among most or all industries within those divisions. The specialization in retail trade among 
newer floodplain establishments is apparent across all five included retail industries (SIC codes 
52 through 59), each of which has a location quotient above 1.0 and four of which have a 
location quotient above 1.3. The specialization in service among older floodplain establishments 
is apparent based on the nine included service industries (SIC codes 70 through 89), seven of 
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which have location quotients above 1.2. This suggests that the specialization identified in these 
divisions is broad-based, as opposed to being the result of very high specialization in a small 
number of industries. 
In addition, there are two industries with uniquely high and broad rates of specialization. 
Across all five groups – older and newer establishments, coastal plain and inland establishments, 
and overall – floodplains have a location quotient above 1.3 in eating and drinking places (SIC 
code 58); the overall location quotient of this industry is highest among the eighteen industries 
included in the appendix by a wide margin (location quotient = 1.713, 0.363 above the next-
highest industry). Eating and drinking places is also most specialized industry in both inland 
floodplains (location quotient = 1.526) and coastal plain floodplains (location quotient = 1.806). 
By contrast, the agricultural production – crops industry (SIC code 1) is consistently 
underspecialized; its location quotients across the five groups range from 0.475 to 0.830, and are 
consistently among the lowest location quotients of the eighteen included industries. 
 Figure 11, on the next page, provides a summary of the major industrial composition 
findings from the results section of this paper. Location quotients above 1.2 or below 0.75 – 
representing significantly high specialization or underspecialization – are in bold. 
  
17 
 
Establishment 
Grouping 
Specializations  
(Location Quotient) 
Underspecializations  
(Location Quotient) 
All 
Establishments 
Retail Trade (1.248) 
Eating & Drinking Places (1.713) 
Agriculture, Forestry, and Fishing (0.745) 
Agricultural Production – Crops (0.704) 
Establishments 
Founded 
2007-2011 
Retail Trade (1.184) 
Eating & Drinking Places (1.345) 
Agriculture, Forestry, and Fishing (0.777) 
Agricultural Production – Crops (0.830) 
Establishments 
Founded 
Before 2007 
Retail Trade (1.116) 
Services (1.118) 
Eating & Drinking Places (1.473) 
Agriculture, Forestry, and Fishing (0.592) 
Agricultural Production – Crops (0.475) 
Establishments 
in Coastal 
Plain 
Retail Trade (1.213) 
Eating & Drinking Places (1.806) 
Agriculture, Forestry, and Fishing (0.580) 
Agricultural Production – Crops (0.528) 
Establishments 
West of 
Coastal Plain 
Retail Trade (1.232) 
Eating & Drinking Places (1.526) 
Agriculture, Forestry, and Fishing (0.759) 
Agricultural Production – Crops (0.588) 
Figure 11: Summary of Industrial Composition Analysis Findings 
Discussion 
 This paper shows that floodplains in North Carolina tend to specialize in retail 
establishments, particularly eating and drinking places, and tend to underspecialize in 
agricultural establishments, particularly those engaged in crop production. However, the 
available data does not help to determine why these divisions and industries would have 
disproportionate rates of location within floodplains. Consideration of the theoretical 
explanations for these results is needed. 
Kelman’s justifications for encouraging floodplain development seem particularly apt for 
retail industries and eating or drinking places. Proximity to bodies of water can provide a benefit 
to retail establishments that seek to entice customers by offering a view of the water – a 
particularly useful attraction for restaurants and bars, which may be more likely to target tourists 
in areas near oceans and rivers. Additionally, the ability to move products sold in retail 
establishments to higher ground may increase retail resilience to flooding, encouraging retail 
18 
 
business owners to weigh flood risk less heavily against hazards associated with other locations. 
Agricultural industries notably do not have these benefits; proximity to bodies of water cannot be 
marketed as an asset to agricultural product consumers, and agricultural products are particularly 
unable to be relocated. 
 Tierney’s explanation of why businesses or business sectors may choose to expose 
themselves to risk associated with hazards could provide a broad explanation of floodplain 
specialization trends as a self-perpetuating cycle. Tierney notes “synergies that come about 
through co-location” and a desire for proximity to “skilled and able workers” as influences on 
business location (p. 277), describing two benefits of agglomeration in terms of hazards 
resilience. Characteristics of floodplains such as those identified by Kelman may encourage 
some retail establishments to locate within floodplains, while discouraging agricultural 
establishments from doing the same, at which point other business owners in the same industries 
may engage in the same behavior in order to benefit from co-location and maintain access to a 
shared workforce.  
 The finding that establishments within floodplains are, on average, substantially older 
than establishments statewide suggests a recent, relative trend away from development within 
floodplains. This could be seen as in line with expectations, based on fears of increased flooding 
associated with global climate change as well as the long-term evolution of regulations against 
development within floodplains. Contemporary business owners seeking to build more resilient 
structures or avoid environmental regulations may be opting not to locate within floodplains. 
Both floodplain establishments and statewide establishments have average starting years 
significantly before their median starting years, reflecting a skew toward newer establishments. 
However, since these averages do not incorporate defunct establishments, this skew is most 
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easily explained as a product of older establishments being more likely to have gone out of 
business, leaving newer establishments as a greater share of active businesses. Floodplain 
establishments have a greater difference between median and average starting years than 
establishments statewide, reflecting a greater skew and potentially suggesting a greater risk of 
closure among floodplain establishments.  
Policy Implications 
 Regulations imposed at the federal level on floodplain construction are a policy tool that 
officials use to discourage ill-planned development within floodplains. The disparate industrial 
composition of businesses that choose to locate within floodplains despite these regulations may 
carry implications for how to set future policy, based on what industries federal policymakers 
would like to support. Relaxing restrictions and lowering insurance requirements for floodplain 
establishments may provide encouragement for retail development, or it may reduce the burdens 
that prevent agricultural establishments from locating within floodplains; lower restrictions could 
also potentially slow the apparent trend of decreasing development within floodplains overall. 
Tightening restrictions, on the other hand, could be justified based on the inferred finding that 
floodplain establishments are more prone to closure; floodplain establishments could be 
incentivized to relocate outside of floodplains in order to provide more stability in economic 
development. In using tightened restrictions this way, policymakers could apply knowledge of 
floodplain industrial composition to develop industry-targeted initiatives to aid in relocation, 
providing assets geared toward assisting eating and drinking places and retail establishments 
more generally while deprioritizing assistance for agricultural establishments.  
 Local economic developers and policymakers could apply knowledge of floodplain 
industrial composition in order to better predict and recruit the establishments that are likely to 
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locate within underdeveloped floodplain parcels. If agricultural business owners deliberately 
avoid locating their businesses within floodplains, while retail business owners either do not 
avoid floodplains or specifically target floodplains, economic development policy and practice 
should be oriented in anticipation of this behavior. Available parcels of land could be leveraged 
for the industries expected to have interest in them, with retail establishment owners being 
directed more frequently toward floodplain-based parcels of land while agricultural 
establishment owners are directed away from those same parcels. Industry-specific support 
organizations or establishments could also be placed based on expected need, with floodplains 
targeted for retail support and non-floodplain areas targeted for agricultural support. Such steps 
may be necessary in order to effectively leverage floodplain land for economic development, 
given the inferred trend away from new establishments in floodplains and potential long-term 
instability associated with floodplain establishments. 
Further Research 
 Further research could examine theoretical mechanisms for the patterns identified in this 
paper, or use different years and geographies as focal points. Examining the mechanism for 
specific variations in industry composition within floodplains could support the inference that the 
presence of a floodplain causes those variations and facilitate generalization of these findings to 
other years and geographies. Using 2012 NETS data for the state of North Carolina means that 
some of the observed patterns may be a consequence of regional factors, such as natural disasters 
and economic environments, or temporal factors, such as business cycles and economic 
restructuring – in particular, the 2008 recession may have had disparate impacts on industries 
within floodplains, business owners in the years following Hurricane Katrina in 2005 may have 
felt discouraged from locating within a floodplain in a coastal state, and efforts by the Obama 
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Administration to impose more stringent environmental regulations beginning in 2009 may have 
impacted floodplain economic development. 
Additionally, there are other lenses through which industrial composition in floodplains 
could be examined. Researchers could apply zoning decisions in order to determine whether 
floodplain utilization is lacking in areas zones for business development; it is possible that 
behavioral variation relating to floodplains is a function of floodplains not being zoned for 
business, rather than a free choice by business owners regarding establishment within a 
floodplain. An equity lens could be applied by considering whether minority-owned or women-
owned businesses – categorizations included in NETS data – are more likely to be located within 
floodplains as a consequence of economic marginalization; Tierney has noted that minority-
owned and women-owned businesses may be more prone to vulnerability to disasters (p. 281). 
NETS data could also be used to describe patterns in floodplain business development based on 
establishment size, employment, and revenue, corresponding to Tierney’s observation that small 
businesses may also be more vulnerable to disaster (p. 281). This paper should provide a starting 
point for further examination of floodplain industrial composition. 
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Table 1: Floodplain Location Quotients – By Division – All Establishments 
SIC Division 
Count 
Within 
Floodplains 
Count 
Statewide 
Location Quotient 
Relative to State 
Agriculture, Forestry, and 
Fishing 265 5614 0.745 
Mining 6 65 1.458 
Construction 642 10597 0.957 
Manufacturing 215 3171 1.071 
Transportation, 
Communications, Electric, 
Gas, And Sanitary Services 
281 4095 1.084 
Wholesale Trade 291 5163 0.890 
Retail Trade 1069 13523 1.248 
Finance, Insurance, And Real 
Estate 672 10458 1.015 
Services 3162 52042 0.960 
Public Administration 67 609 1.737 
Total Establishments 6670 105337 - 
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Table 2: Floodplain Location Quotients – By Division – Founded 2007-2011 
SIC Division 
Count 
Within 
Floodplains 
Count Statewide 
Founded 2007-
2011 
Location Quotient 
Relative to Founded 
2007-2011 
Agriculture, Forestry, and 
Fishing 86 2824 0.777 
Mining 2 39 1.308 
Construction 266 6573 1.032 
Manufacturing 76 1751 1.107 
Transportation, 
Communications, Electric, 
Gas, And Sanitary Services 
126 2782 1.155 
Wholesale Trade 106 3200 0.845 
Retail Trade 354 7627 1.184 
Finance, Insurance, And Real 
Estate 301 7277 1.055 
Services 1374 36617 0.957 
Public Administration 14 321 1.113 
Total Establishments 2705 69011 - 
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Table 3: Floodplain Location Quotients – By Division – Founded Before 2007 
SIC Division 
Count 
Within 
Floodplains 
Count Statewide 
Founded Before 
2007 
Location Quotient 
Relative to Founded 
Before 2007 
Agriculture, Forestry, and 
Fishing 139 2413 0.592 
Mining 3 23 1.340 
Construction 254 3147 0.829 
Manufacturing 86 1077 0.820 
Transportation, 
Communications, Electric, 
Gas, And Sanitary Services 
99 921 1.104 
Wholesale Trade 128 1489 0.883 
Retail Trade 495 4557 1.116 
Finance, Insurance, And Real 
Estate 220 2317 0.975 
Services 1152 10583 1.118 
Public Administration 25 185 1.388 
Total Establishments 2601 26712 - 
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Table 4: Floodplain Location Quotients – By Division – North Carolina Coastal Plain 
SIC Division 
Count 
Within 
Floodplains 
Count Statewide 
Within Coastal 
Plain 
Location Quotient 
Relative to  
Coastal Plain 
Agriculture, Forestry, and 
Fishing 169 2190 0.580 
Mining 1 19 0.396 
Construction 374 2895 0.971 
Manufacturing 117 836 1.052 
Transportation, 
Communications, Electric, 
Gas, And Sanitary Services 
156 1109 1.057 
Wholesale Trade 165 1394 0.890 
Retail Trade 632 3916 1.213 
Finance, Insurance, And Real 
Estate 379 2791 1.021 
Services 1817 13626 1.002 
Public Administration 39 154 1.903 
Total Establishments 3849 28930 - 
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Table 5: Floodplain Location Quotients – By Division – West of Coastal Plain 
SIC Division 
Count 
Within 
Floodplains 
Count Statewide 
Within Coastal 
Plain 
Location Quotient 
Relative to  
Coastal Plain 
Agriculture, Forestry, and 
Fishing 96 3424 0.759 
Mining 5 46 2.944 
Construction 268 7702 0.942 
Manufacturing 98 2335 1.137 
Transportation, 
Communications, Electric, 
Gas, And Sanitary Services 
125 2986 1.134 
Wholesale Trade 126 3769 0.905 
Retail Trade 437 9607 1.232 
Finance, Insurance, And Real 
Estate 293 7667 1.035 
Services 1345 38416 0.948 
Public Administration 28 455 1.667 
Total Establishments 2821 76407 - 
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Table 6: Floodplain Location Quotients – By Industry – All Establishments 
SIC 
Code SIC Industry Description 
Count 
Within 
Floodplains 
Count 
Statewide 
Location Quotient 
Relative to State 
1 Agricultural Production – Crops 124 2782 0.704 
7 Agricultural Services 103 2014 0.808 
50 Wholesale Trade – Durable Goods 182 2948 0.975 
51 Wholesale Trade – Nondurable Goods 109 2215 0.777 
52 Building Materials, Hardware, Garden Supplies & Mobile Homes 75 956 1.239 
54 Food Stores 134 1568 1.350 
55 Automotive Dealers and Gasoline Service Stations 130 1541 1.332 
58 Eating and Drinking Places 137 1263 1.713 
59 Miscellaneous Retail 367 5084 1.140 
72 Personal Services 259 3362 1.217 
73 Business Services 1044 20635 0.799 
75 Automotive Repair, Services and Parking 155 1895 1.292 
76 Miscellaneous Repair Services 133 2146 0.979 
79 Amusement and Recreation Services 101 1361 1.172 
81 Legal Services 58 858 1.068 
83 Social Services 160 2065 1.224 
86 Membership Organizations 403 5080 1.253 
89 Services, Not Elsewhere Classified 146 3531 0.653 
- Total Establishments 6670 105337 - 
 
 
 A-7 
 
Table 7: Floodplain Location Quotients – By Industry – Founded 2007-2011 
SIC 
Code SIC Industry Description 
Count 
Within 
Floodplains 
Count Statewide 
Founded 2007-
2011 
Location Quotient 
Relative to Founded 
2007-2011 
1 Agricultural Production - Crops 38 1168 0.830 
7 Agricultural Services 37 1352 0.698 
50 Wholesale Trade - Durable Goods 70 1778 1.004 
51 Wholesale Trade - Nondurable Goods 36 1422 0.646 
52 Building Materials, Hardware, Garden Supplies & Mobile Homes 30 452 1.693 
54 Food Stores 57 961 1.513 
55 Automotive Dealers and Gasoline Service Stations 38 720 1.346 
58 Eating and Drinking Places 33 626 1.345 
59 Miscellaneous Retail 126 3192 1.007 
72 Personal Services 78 2111 0.943 
73 Business Services 567 15265 0.948 
75 Automotive Repair, Services and Parking 38 1142 0.849 
76 Miscellaneous Repair Services 56 1483 0.963 
79 Amusement and Recreation Services 35 903 0.989 
81 Legal Services 22 569 0.986 
83 Social Services 63 1426 1.127 
86 Membership Organizations 145 3677 1.006 
89 Services, Not Elsewhere Classified 93 2857 0.830 
- Total Establishments 2705 69011 - 
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Table 8: Floodplain Location Quotients – By Industry – Founded Before 2007 
SIC 
Code SIC Industry Description 
Count 
Within 
Floodplains 
Count Statewide 
Founded Before 
2007 
Location Quotient 
Relative to Founded 
Before 2007 
1 Agricultural Production - Crops 66 1426 0.475 
7 Agricultural Services 48 516 0.955 
50 Wholesale Trade - Durable Goods 79 895 0.907 
51 Wholesale Trade - Nondurable Goods 49 594 0.847 
52 Building Materials, Hardware, Garden Supplies & Mobile Homes 34 392 0.891 
54 Food Stores 51 453 1.156 
55 Automotive Dealers and Gasoline Service Stations 75 663 1.162 
58 Eating and Drinking Places 69 481 1.473 
59 Miscellaneous Retail 164 1455 1.158 
72 Personal Services 145 942 1.581 
73 Business Services 288 3515 0.841 
75 Automotive Repair, Services and Parking 94 575 1.679 
76 Miscellaneous Repair Services 59 482 1.257 
79 Amusement and Recreation Services 46 349 1.354 
81 Legal Services 27 207 1.340 
83 Social Services 56 419 1.373 
86 Membership Organizations 141 999 1.450 
89 Services, Not Elsewhere Classified 30 417 0.739 
- Total Establishments 2601 26712 - 
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Table 9: Floodplain Location Quotients – By Industry – North Carolina Coastal Plain 
SIC 
Code SIC Industry Description 
Count 
Within 
Floodplains 
Count Statewide 
Within Coastal 
Plain 
Location Quotient 
Relative to  
Coastal Plain 
1 Agricultural Production - Crops 92 1309 0.528 
7 Agricultural Services 55 598 0.691 
50 Wholesale Trade - Durable Goods 98 767 0.960 
51 Wholesale Trade - Nondurable Goods 67 627 0.803 
52 Building Materials, Hardware, Garden Supplies & Mobile Homes 45 286 1.183 
54 Food Stores 84 456 1.385 
55 Automotive Dealers and Gasoline Service Stations 69 427 1.215 
58 Eating and Drinking Places 86 358 1.806 
59 Miscellaneous Retail 218 1522 1.077 
72 Personal Services 146 1016 1.080 
73 Business Services 600 5203 0.867 
75 Automotive Repair, Services and Parking 95 499 1.431 
76 Miscellaneous Repair Services 73 587 0.935 
79 Amusement and Recreation Services 59 382 1.161 
81 Legal Services 29 215 1.168 
83 Social Services 94 637 1.014 
86 Membership Organizations 243 1359 1.109 
89 Services, Not Elsewhere Classified 84 961 1.344 
- Total Establishments 3849 28930 - 
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Table 10: Floodplain Location Quotients – By Industry – West of Coastal Plain 
SIC 
Code SIC Industry Description 
Count 
Within 
Floodplains 
Count Statewide 
West of Coastal 
Plain 
Location Quotient 
Relative to West of 
Coastal Plain 
1 Agricultural Production - Crops 32 1473 0.588 
7 Agricultural Services 48 1416 0.918 
50 Wholesale Trade - Durable Goods 84 2181 1.043 
51 Wholesale Trade - Nondurable Goods 42 1588 0.716 
52 Building Materials, Hardware, Garden Supplies & Mobile Homes 30 670 1.213 
54 Food Stores 50 1112 1.218 
55 Automotive Dealers and Gasoline Service Stations 61 1114 1.483 
58 Eating and Drinking Places 51 905 1.526 
59 Miscellaneous Retail 149 3562 1.133 
73 Business Services 444 15432 0.779 
75 Automotive Repair, Services and Parking 60 1396 1.164 
76 Miscellaneous Repair Services 60 1559 1.042 
79 Amusement and Recreation Services 42 979 1.162 
81 Legal Services 29 643 1.222 
83 Social Services 66 1428 1.252 
86 Membership Organizations 160 3721 1.165 
89 Services, Not Elsewhere Classified 62 2570 0.653 
- Total Establishments 2821 76407 - 
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Inland City Map 1: Asheville, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Inland City Map 2: Durham, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Inland City Map 3: Murphy, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Inland City Map 4: Raleigh, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Inland City Map 5: Charlotte, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 1: Elizabeth City, NC Basemap and Floodplain Map (1-48,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 2: Fayetteville, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 3: Jacksonville, NC Basemap and Floodplain Map (1-48,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 4: Lumberton, NC Basemap and Floodplain Map (1-24,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 5: New Bern, NC Basemap and Floodplain Map (1-48,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
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Coastal Plain City Map 6: Wilmington, NC Basemap and Floodplain Map (1-48,000 scale) 
Each dot represents one business establishment; blue dots are establishments located within floodplains.  
Light blue fields show the 100-year floodplain. 
 
